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Rapid  social  and  economic  progress  in  fast  developing  countries  such  that  among  the  countries  in  the 
Association  of  Southeast  Asian  Nations  (ASEAN)  have  driven  substantial  growth  in  electricity  consump¬ 
tion  in  this  region.  Whilst  this  represents  significant  societal  and  economic  development,  it  has  potentially 
growing  adverse  environmental  impacts.  This  raises  a  concern  on  sustainable  development  in  the  elec¬ 
tricity  sector  in  this  region.  This  study  evaluates  key  sustainability  challenges  in  the  electricity  industries 
in  the  five  largest  energy  consumers  in  ASEAN:  Indonesia,  Thailand,  Malaysia,  the  Philippines  and  Viet¬ 
nam.  The  3A’s  energy  sustainability  objectives:  Accessibility,  Availability  and  Acceptability  are  used  as  the 
sustainability  analytical  framework.  This  study  also  draws  together  a  set  of  associated  indicators  and  cri¬ 
teria  within  the  analytical  framework  to  analyse  the  status  of  the  electricity  industries  in  these  countries. 
The  analysis  shows  that  key  sustainability  challenges  in  the  ASEAN-5  are  attributable  to  satisfying  rapid 
demand  growth;  enhancing  security  of  electricity  supply;  and  mitigating  the  increase  in  C02  emissions 
from  electricity  generation.  Given  the  promising  resource  and  technical  potential  in  this  region,  renew¬ 
able  energy  emerges  as  a  favourable  option  to  address  these  challenges;  however,  increasing  the  share  of 
renewable  energy  in  electricity  generation  requires  considerable  policy  support.  This  study  suggests  that 
there  is  an  opportunity  for  the  ASEAN  countries  to  strengthen  regional  collaborations  through  experience 
and  resource  sharing  to  enhance  sustainability  in  the  electricity  industries.  This  study  also  highlights  some 
of  the  key  issues  facing  the  electricity  industry,  and  the  need  for  new  generation  investment  decision 
support  tools  which  can  address  these  issues. 
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1.  Introduction 

Sustainable  development,  as  defined  by  the  Brundtland  Com¬ 
mission,  is  development  that  “meets  the  needs  of  the  present 
without  compromising  the  ability  of  future  generations  to  meet 
their  own  needs.”[l  ].  There  are  continuing  debates  about  the  con¬ 
cept  and  its  usefulness,  including  questions  of  whether  sustainable 
development  refers  to  a  desirable  destination  or,  instead,  process 
towards  such  a  destination  [2].  It  has  also  proved  a  difficult  con¬ 
cept  to  apply  in  practice,  and  its  use  in  the  area  of  energy  is  no 
exception.  What  is  clear  is  that  energy  sustainability  has  vital  social, 
economic  and  environmental  dimensions.  In  terms  of  social  sus¬ 
tainability,  energy  is  a  basic  human  need  and  access  to  reliable 
and  affordable  energy  sources  can  greatly  improve  our  quality  of 
life.  With  regard  to  sustainability’s  economic  dimension,  energy 
availability  is  a  key  driver  in  the  economic  growth  and  develop¬ 
ment  prospects  of  a  country.  Of  particular  relevance  to  this  paper, 
access  to  modern  energy  services,  including  electricity,  at  an  afford¬ 
able  price  is  widely  agreed  to  be  essential  for  poverty  eradication 
and  economic  development  within  developing  countries  [3].  Envi¬ 
ronmentally,  the  world’s  present  energy  systems  are  the  primary 
drivers  of  some  of  our  greatest  environmental  challenges  including, 
of  course,  climate  change. 

The  electricity  sector  is  currently  the  largest  single  contributor 
to  global  greenhouse  emissions  due  to  its  heavy  reliance  on  fossil 
fuels,  primarily  coal  and  gas  [4].  C02  represents  the  most  significant 
greenhouse  gas,  and  the  electricity  sector  produced  around  40% 
of  global  C02  emissions  in  2007,  having  risen  from  27%  in  1971. 
Furthermore,  C02  emissions  per  capita  for  the  electricity  sector 
increased  by  82%  during  the  same  period  due  largely  to  increased 
electricity  access  and  growth  in  electricity  infrastructure,  especially 
in  fast  developing  countries  [4].  It  is  apparent  that  the  electric¬ 
ity  sector  presents  a  considerable  sustainability  challenge  given  its 
significant  role  in  both  socioeconomic  development  yet  also  envi¬ 
ronmental  deterioration.  A  key  question,  then,  is  whether  future 
development  of  the  electricity  sector  can  be  done  in  a  way  that 
is  consistent  with  our  sustainability  objectives  -  that  is  to  ensure 
adequate  and  affordable  access  to  modern  energy  in  an  econom¬ 
ically  viable,  socially  and  environmental  acceptable  manner.  This 
is  particularly  important  in  fast  developing  countries  in  which  the 
emphasis  is,  understandably,  often  on  economic  growth  [5]. 

The  region  of  the  Association  of  Southeast  Asian  Nations 
(ASEAN)1  is  one  of  the  fastest  developing  regions  in  the  world  [6]. 
This  region  has  also  been  identified  as  likely  to  play  an  increasing 


1  The  Association  of  Southeast  Asian  Nations  (ASEAN)  comprises  ten  countries: 
Brunei  Darussalam,  Cambodia,  Indonesia,  Laos  DPR,  Malaysia,  Myanmar,  Philippines, 
Singapore,  Thailand,  and  Vietnam. 


important  role  in  future  world  energy  demand  over  the  next  few 
decades  due  to  its  rapid  economic  expansion  and  large  population 
size.  Rapid  economic  growth  and  social  development  have  major 
energy  implications  since  they  are  the  main  driver  of  energy  con¬ 
sumption  [7].  The  electricity  sector  is  also  predicted  to  be  the  major 
source  of  growth  in  C02  emissions  in  ASEAN  [8]. 

The  importance  of  this  region  for  our  global  energy  future  has 
been  acknowledged  by  the  International  Energy  Agency  (IEA)  as 
reflected  in  a  recent  World  Energy  Outlook  report  [8],  which  pro¬ 
vides  an  analysis  of  the  energy  situation  in  ASEAN.  However,  the 
assessment  of  electricity  sectors  in  this  region  in  the  context  of 
sustainability  (social,  economic  and  environment)  has,  in  our  view, 
been  largely  overlooked  by  energy  researchers  and  analysts  despite 
its  important  role  in  socioeconomic  development. 

The  underlying  motivation  for  this  work  is  the  significant  eco¬ 
nomic,  social  and  environmental  implications  of  the  electricity 
industry  that  are  not  always  well  integrated  into  policy  making  for 
the  sector.  In  part  this  problem  would  seem  to  result  from  a  lack 
of  appreciation  of  some  of  these  implications.  Importantly,  many 
are  externalities  -  that  is  costs  and  benefits  for  stakeholders  that 
are  not  directly  transferred  within  the  electricity  industry  itself.  In 
part,  also,  the  problem  seems  to  be  one  measurement  -  it  is  easy  to 
talk  about  environmental  sustainability  of  the  industry  in  general 
terms  but  policy  can  be  facilitated  by  quantified  assessments  and 
associated  targets.  As  such,  sustainability  assessments  of  the  elec¬ 
tricity  sector  can  play  a  valuable  role  in  assisting  policy  makers  to 
better  understand  both  existing  and  emerging  sustainability  issues 
within  the  sector,  and  options  in  addressing  them. 

There  are  a  number  of  studies  which  analyse  sustainable  devel¬ 
opment  within  the  energy  sector  based  on  a  set  of  measurable 
energy  indicators  in  various  countries  and  regions  such  as  Taiwan 
[9],  Brazil  [10],  the  Baltic  Sea  Region  [11,12],  India  [5],  the  European 
Union  [13],  Cuba,  Mexico,  Slovakia  and  Thailand  [14].  In  addition, 
there  are  other  studies  which  employ  the  concept  of  energy  and 
sustainability  indicators  to  explore  various  energy-related  issues 
including:  using  as  a  planning  tool  for  assisting  energy  planning  at 
local  level  [15];  and  assessing  renewable  energy  and  conventional 
technologies  [16,17].  However,  such  studies  to  date  generally  do 
not  focus  on  the  sustainability  in  the  context  of  the  electricity  sector 
or  address  the  broad  range  of  relevant  sustainability  aspects  within 
the  sector.  As  for  the  ASEAN  region,  the  existing  literature  related 
to  the  electricity  development  in  this  region  has  focussed  primar¬ 
ily  on  issues  related  to  economic  development  or  environmental 
challenges  [18,19]. 

The  aim  of  this  study  is  to  apply  a  sustainability  analytical  frame¬ 
work  to  identify  and  evaluate  key  sustainability  challenges  for  the 
electricity  industries  in  five  selected  ASEAN  countries:  Indonesia, 
Thailand,  Malaysia,  the  Philippines  and  Vietnam.  These  countries 
are  referred  to  as  the  ASEAN-5  in  this  study.  These  countries  are 
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selected  for  this  study  because  they  are  the  five  largest  electricity¬ 
consuming  countries  in  ASEAN,  accounting  for  around  90%  of 
ASEAN  total  electricity  consumption  [20].  Furthermore  these  coun¬ 
tries  possess  similarities  in  terms  of  their  geographical  location, 
social  and  economic  contexts,  and  this  permits  a  meaningful  cross¬ 
country  analysis  to  be  carried  out.  The  cross-country  comparison 
is  intended  to  support  benchmarking  of  the  performance,  policy 
effectiveness  and  emerging  issues  within  the  electricity  sector  of 
each  country.  Furthermore,  energy  policy  making  is  influenced  by 
both  national  and  regional  contexts.  A  cross-country  comparison 
may  also  help  policy  makers  to  identify  opportunities  for  greater 
collaboration  and  integration  among  the  countries  of  the  region 
in  addressing  their  shared  and  different  sustainability  challenges. 
This  study  is  also  intended  to  provide  an  initial  framework  that 
can  guide  policy  making  towards  improved  sustainability  in  the 
electricity  sectors  of  the  ASEAN-5.  This  work  does  not  explicitly 
offer  policy  recommendations.  Rather,  the  study  provides  some 
insights  and  preliminary  thoughts  on  emerging  sustainability  chal¬ 
lenges  and  issues  that  need  to  be  considered  in  policy  making  for 
the  region. 

This  work  contributes  to  the  existing  literature  in  the  area  of 
energy  sustainability  assessment  in  several  ways.  Firstly,  it  pro¬ 
vides  a  sustainability  assessment  framework  that  draws  together 
a  set  of  relevant  indicators  and  criteria  in  the  context  of  the  elec¬ 
tricity  industry.  Secondly,  this  study  operationalises  the  framework 
to  evaluate  sustainability  challenges  for  electricity  industries  in  the 
ASEAN  region  by  bringing  together  relevant  data  from  a  wide  range 
of  sources  across  these  five  countries.  These  aspects  have  not  been 
brought  together  in  this  way  in  previous  works. 

This  paper  is  organised  as  follows:  in  Section  2  we  briefly  outline 
the  wider  social  and  economic  context,  and  the  electricity  demand 
situation  of  the  ASEAN-5  countries.  The  detail  of  the  energy  sus¬ 
tainability  framework  is  described  in  Section  3.  Section  4  presents 
a  sustainability  analysis  of  the  electricity  industries  of  the  ASEAN-5. 
Key  sustainability  challenges  in  electricity  industries  of  these  coun¬ 
tries  are  summarised  in  Section  5  and  followed  by  conclusions  in 
Section  6. 

2.  Social  and  economic  context  for  electricity  industries  in 
the  ASEAN-5 

This  section  presents  some  key  social  and  economic  context  for 
the  countries  in  the  ASEAN-5  that  has  significant  implications  for 
their  electricity  industries.  An  overview  of  the  electricity  industries 
in  the  ASEAN-5  is  also  provided  in  this  section.2 

2.2.  Socioeconomic  development  and  implications  for  the 
electricity  industries 

Key  social  and  economic  development  and  their  implications 
for  electricity  industries  in  the  ASEAN-5  can  be  summarised  below. 
Specific  details  and  figures  of  social  and  economic  data  of  the 
ASEAN-5  are  shown  in  Appendix. 

•  Significant  populations  and  rapid  population  growth  -  the 

ASEAN-5  have  a  combined  population  of  nearly  500  million 
people  [8,21].  During  the  past  20  years,  populations  in  these 
five  countries  have  increased  between  20-40%  compared  to 
12%  in  the  OECD  [21].  Such  growth  adds  to  the  challenges  of 


2  Data  related  with  the  electricity  sectors  in  this  section  largely  reflects  arrange¬ 
ments  of  interconnected  or  relatively  large  island  grids.  Whilst  significant  numbers 
of  people  in  some  countries  of  the  ASEAN-5  are  not  connected  to  these  large  grids 
and  obtain  their  electricity  services  from  small  diesel  grids  or  stand-alone  systems, 
obtaining  reliable  data  on  this  is  particularly  challenging. 


delivering  electricity-based  energy  services  to  the  community  to 
keep  up  with  increasing  population.  It  also  suggests  that  indica¬ 
tors  in  per  capita  terms  are  more  meaningful  than  absolute  terms 
in  understanding  societal  welfare  in  these  countries. 

•  Increased  urbanisation  -  urbanisation  in  these  five  countries 
has  increased  rapidly  since  1990,  but  is  still  comparatively  lower 
than  the  OECD  [22].  The  increase  in  urbanisation  should  assist 
in  improving  electricity  access  since  it  is  considerably  easier  and 
less  costly  to  electrify  urban  than  non-urban  populations.  How¬ 
ever,  these  countries  still  have  significant  non-urban  populations 
to  support  and  the  transition  involves  potentially  difficult  real- 
locations  of  resources.  Increased  access  also  drives  electricity 
consumption,  adding  to  the  challenges  noted  above. 

•  Improving  human  development  -  every  country  in  the  ASEAN-5 
is  classified  in  the  medium  human  development  category,  except 
Malaysia  which  is  in  the  high  development  category  [22].  The 
Human  Development  Index  (HDI)3  in  these  countries  has  also 
been  improving  over  the  past  two  decades.  There  is  a  clear  asso¬ 
ciation  between  electricity  consumption  and  HDI  since  access  to 
electricity  helps  to  improve  quality  of  life.  Generally,  countries 
with  higher  HDI  have  higher  per  capita  electricity  consumption 
(albeit  with  some  significant  complexities  in  this  relationship) 
and  it  has  been  argued  that  the  HDI  of  developing  countries  can¬ 
not  increase  without  an  increase  in  electricity  consumption  [23]. 

•  High  GDP  growth  -  countries  in  the  ASEAN-5  have  all  achieved 
robust  economic  growth  over  recent  decades  due  largely  to 
increases  in  trade  and  foreign  investment  [24].  Since  the  late 
1990s,  these  five  countries  have  been  able  to  maintain  economic 
growth  at  around  4-8%  per  year.  GDP  growth  has  significant 
implications  for  electricity  demand  growth. 

•  Generally  significant  level  of  Foreign  Direct  Investment  (FDI) 
-  FDI  is  a  major  source  of  investment  fund  in  developing  coun¬ 
tries,  including  the  electricity  sector.  Such  FDI  depends,  of  course, 
on  the  investment  environment  within  these  countries.  It  is  also 
arguably  accompanied  by  the  transfer  of  technology  and  man¬ 
agerial  know-how  [25].  On-going  development  of  the  ASEAN-5 
electricity  industries  is  likely  to  require  continued  success  in 
attracting  FDI. 

•  Increasing  per  capita  income  -  per  capita  income  growth  rate 
in  the  ASEAN-5  is  on  a  rising  trend,  and  higher  than  the  aver¬ 
age  growth  attained  in  the  OECD  [26].  The  increase  in  per  capita 
income  implies  higher  spending  power,  which  potentially  leads 
to  an  increase  in  desired  and  affordable  modern  energy  services 
implying,  in  turn,  growing  electricity  consumption. 

•  Increasing  industry  sector  value  added  in  GDP  -  the  share 
of  GDP  from  the  industry  sector  for  every  ASEAN-5  country, 
except  the  Philippines,  is  greater  than  40%  compared  to  around 
25%  for  OECD  countries  [26].  Again  with  the  exception  of  the 
Philippines,  industry  sector  value  added  in  each  country  has  been 
increasing  as  a  proportion  of  total  GDP,  at  the  expense  of  agri¬ 
culture  and  service  sectors.  This  contribution  of  industry  sector 
value  added  to  GDP  indicates  that  these  countries  are  continu¬ 
ing  to  industrialise  [14].  This  trend  suggests  a  structural  change 
of  the  ASEAN-5  economies,  which  traditionally  are  agricultural- 
based  economies,  towards  industrialisation  which  is  typically 
more  energy  intensive  than  other  sectors,  leading  again  to  an 
increase  in  electricity  consumption.  This  is  in  contrast  with  OECD 
countries  which,  in  many  cases,  have  declining  industry  sectors. 
There  are  significant  implications  for  energy  consumption  and 


3  The  Human  Development  Index  (HDI)  is  a  composite  index  developed  by  the 
United  Nations  to  measure  average  achievement  in  three  dimensions  of  human 
development  which  are  a  long  and  healthy  life,  access  to  knowledge  and  a  decent 
standard  of  living  [22]. 
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Electricity  generation  -  ASEAN-5 
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-♦-Thailand  -■-Indonesia  Malaysia  — Philippines  — Vietnam 

Fig.  1.  Electricity  generation  during  1997-2007. 

Data  source:  EIA  [29]. 
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Fig.  2.  Installed  generation  capacity  between  1990  and  2007. 
Data  source:  EIA  [29]. 


greenhouse  emissions  in  the  transition  of  manufacturing  from 
developed  to  fast  growing  developing  countries. 

In  summary,  countries  in  the  ASEAN-5  share  some  important 
similarities  in  terms  of  social  and  economic  context  by  compar¬ 
ison  with  OECD  averages.  The  ASEAN-5  can  be  characterised  by 
relatively  high  population  growth,  rapid  urbanisation  albeit  with 
significant  proportions  of  the  population  still  living  outside  towns, 
high  economic  growth,  a  high  and  growing  contribution  of  indus¬ 
try  sector  value  added  to  GDP,  generally  significant  levels  of  FDI, 
and  recent  substantial  increases  in  per  capita  income.  There  is 
also  evidence  that  the  ASEAN-5  is  moving  towards  industrialisa¬ 
tion.  These  key  factors  are  tightly  linked  to  electricity  demand 
since  in  developing  countries,  increasing  population,  urbanisation, 
economic  growth  and  rapid  industrialisation  constitute  the  major 
factors  of  growth  in  electricity  demand  [27]. 

2.2.  The  electricity  industries  in  ASEAN-5 

The  structure  of  the  electricity  industries  in  the  ASEAN-5,  except 
for  the  Philippines,  are  still  vertically  integrated  under  a  single 
buyer  model  in  which  state-owned  utilities  are  responsible  for 
electricity  generation,  transmission  and  distribution.  Independent 
Power  Producers  (IPP)  are  also  allowed  to  sell  electricity  to  the  grid 
under  Power  Purchase  Agreement  (PPA)  arrangements  in  which 
state-owned  utilities  act  as  a  sole  buyer  [28].  Decision  making 
in  the  electricity  industries  in  the  ASEAN-5  countries  is  generally 
conducted  under  relatively  centralised  and  only  moderately  trans¬ 
parent  governance  arrangements. 

Fig.  1  shows  that  electricity  generation  in  the  ASEAN-5  countries 
has  increased  significantly  since  the  late  1 990s,  ranging  between  50 
and  300%. 

Such  increases  in  electricity  generation  have  led  to  consider¬ 
able  additions  of  generation  capacity  in  these  countries  as  shown 
in  Fig.  2.  The  generation  capacity  in  the  ASEAN-5  countries  has 
increased  about  three  fold  in  less  than  20  years.  This  growth  rate, 
if  continued,  implies  that  the  electricity  industries  in  the  ASEAN-5 
have  to  double  their  generation  capacity  every  10  years.  This  situ¬ 
ation  clearly  presents  significant  implications  for  sustainability  in 
the  electricity  industries  in  these  countries. 

Beyond  the  social  and  economic  risks  of  failing  to  meet  the  grow¬ 
ing  energy  service  needs  of  the  countries,  lies  growing  challenges 
in  environmental  impacts  and  energy  security.  Fig.  3  shows  that 
the  electricity  sector  in  the  ASEAN-5  countries  contributes  on  aver¬ 
age  between  30  and  40%  of  total  national  greenhouse  emissions 
[4].  This  paper  is  particularly  intended  to  help  better  understand 
these  challenges  through  a  quantitative  framework  based  on  the 
3A’s  sustainability  objectives  framework. 
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Fig.  3.  Contribution  of  the  electricity  sector  in  total  C02  emissions  in  2007. 
Data  source:  IEA  [4]. 

3.  3A’s  energy  sustainability  framework 

The  sustainability  analytical  framework  employed  in  this  study 
is  based  on  the  3A’s  energy  sustainability  objectives  introduced 
by  the  World  Energy  Council  (WEC).  The  3A’s  energy  objectives4 
comprise  of  three  aspects:  Accessibility ,  Availability ,  Acceptability 
[31].  These  aspects  are  explained  in  the  context  of  the  electric¬ 
ity  industry  in  Section  3.1.  The  3A’s  energy  objectives  framework 
addresses  social,  economic  and  environmental  dimensions,  which 
are  the  underlying  principles  of  sustainability,  in  a  manner  particu¬ 
larly  suitable  for  assessing  energy  industries.  This  study  also  draws 
together  a  set  of  associated  indicators  and  criteria  to  assess  each 
aspect  of  the  3A’s  energy  objectives  in  the  context  of  electricity 
industries  in  the  ASEAN-5.  The  selected  indicators  and  criteria  are 
explained  in  Section  3.2. 

3.1.  Energy  sustainability  objectives 

•  Accessibility  -  is  defined  to  be  the  provision  of  modern  energy 
services  at  socially  affordable  prices  in  a  sustainable  manner 
for  all.  Electricity  access  can  improve  social  status  by  facilitat¬ 
ing  provision  of  human  basic  needs  such  as  health,  food  and 
education  [32].  A  particular  challenge  is  posed  by  the  concept 
of  affordability  in  this  context.  Clearly,  people  have  to  be  able 
to  afford  essential  energy  services.  However,  it  has  also  been 
argued  that  prices  within  the  electricity  sector  should  reflect  the 
true  value  of  energy  services  and  costs  of  electricity  production, 


4  The  WEC  has  recently  included  another  challenge  to  this  framework,  which  is 
Accountability.  This  framework  is  now  known  as  the  4As  [30]. 


P.  Vithayasrichareon  et  al.  /  Renewable  and  Sustainable  Energy  Reviews  16  (2012)  2217-2233 


2221 


transmissions  and  distribution,  including  externality  benefits 
and  costs  of  the  industry,  such  as  the  environmental  harms  of 
greenhouse  gas  emissions.  In  theory,  it  is  such  prices  that  will 
drive  efficient  industry  operational  and  investment  decisions  that 
maximise  societal  benefit  [31,33].  This  tension  will  be  explored 
further  later  in  the  paper. 

•  Availability  -  this  aspect  covers  short-term  quality  of  service  and 
long-term  continuity  of  electricity  supply  [31  ].  The  continuity  of 
electricity  supply  is  essential  for  social  and  economic  develop¬ 
ment  of  the  country.  Unreliable  electricity  supply  can  arise  from 
a  wide  range  of  issues.  In  the  short-term,  key  issues  include  insuf¬ 
ficient  generation  and  network  capacity  to  meet  demand  perhaps 
arising  from  inefficient  plants,  poor  maintenance  or  other  factors 
such  as  extreme  weather  events.  In  the  longer-term,  additional 
issues  arise  such  as  the  availability  of  fuel  sources  such  as  coal  and 
gas.  A  reasonably  well-diversified  generation  portfolio  of  differ¬ 
ent  technologies  and  fuel  types  and  sources  can  mitigate  energy 
security  risks  [31 ,34].  Furthermore,  this  aspect  requires  adequate 
and  timely  investment  in  the  electricity  infrastructure  to  ensure 
the  continuity  of  supply  [35  ].  The  consequences  of  failing  to  main¬ 
tain  continuity  of  electricity  supply  can  cost  as  high  as  1-2%  of 
GDP  in  some  countries  [36]. 

•  Acceptability  -  this  aspect  relates  to  social  and  environmental  sus¬ 
tainability  in  the  electricity  industry.  Public  involvement  is  seen 
as  a  means  to  improve  social  acceptability  [37],  as  are  decision 
making  processes  that  are  open  and  transparent  [33  ].  This  is  espe¬ 
cially  the  case  for  new  large-scale  power  projects,  and  particularly 
nuclear  power.  Social  concerns  regarding  nuclear  security  have, 
indeed,  opened  up  decision  making  processes  for  greater  public 
and  stakeholder  involvement  [37,38].  In  terms  of  environmental 
acceptability,  climate  change  is  almost  certainly  the  most  seri¬ 
ous  longer-term  environmental  threat  arising  from  the  present 
electricity  sector  [39].  Various  generation  technologies  can  also 
have  other  adverse  health  and  environmental  impacts  including 
regional  air  pollution  associated  with  fuel  combustion,  and  land- 
use  change  from  options  such  as  large-scale  hydro.  It  has  been 
suggested  that  clean  technologies  and  their  transfer  to  develop¬ 
ing  countries  is  the  key  to  attain  environmental  sustainability 
[31]. 

The  relationship  and  evident  trade-offs  between  the  3A’s  objec¬ 
tives  are  interconnected.  Ideally,  addressing  one  aspect  of  the  3As 
should  not  hinder  progress  towards  the  other  remaining  aspects. 
However,  it  has  been  argued  that  addressing  basic  needs,  which 
include  energy  access  and  energy  security,  should  take  higher  pri¬ 
ority  than  social  and  environmental  acceptability  particularly  in 
developing  countries  [40]. 

3.2.  Sustainability  indicators  and  criteria  for  assessing  the  3A’s 
energy  objectives 

This  study  draws  together  a  set  of  carefully  chosen  quantitative 
indicators  and  qualitative  criteria,  with  a  focus  on  the  electricity 
industry  in  the  context  of  the  ASEAN-5,  to  assess  each  aspect  of  the 
3A’s  energy  sustainability  objectives.  Although  there  is  no  common 
or  standardised  rule  for  choosing  indicators,  the  main  selection  cri¬ 
teria  is  the  ability  to  address  important  energy  issues  of  the  country 
and  help  to  assess  the  effectiveness  of  energy  policies  [14]. 

Key  quantitative  indicators  used  in  this  study  are  drawn  based 
on  the  Indicators  for  Sustainable  Energy  Development  (ISED) 
framework  which  aims  to  provide  a  deeper  understanding  for 
relationships  between  energy,  environment  and  economic  nexus 
as  well  as  tracking  the  progress  towards  sustainable  energy 
development  goals  in  each  country  [41,42].  The  ISED  framework 
was  developed  by  the  International  Atomic  Energy  Agency  (IAEA) 


to  address  important  issues  in  three  major  dimensions  of  sustain¬ 
ability:  economic,  social  and  environment  in  the  energy  sector. 

The  selected  indicators  are  adapted  to  suit  each  aspect  of  the  3A’s 
energy  objectives  framework  and  the  context  of  electricity  indus¬ 
tries  in  the  ASEAN-5.  Apart  from  the  indicators  based  on  the  ISED, 
additional  quantitative  indicators  and  qualitative  criteria  which 
focus  specifically  on  the  electricity  industry  are  also  derived.  Main 
issues  and  criteria  for  the  indicators  are  that  they  must  be  measur¬ 
able,  and  measured  in  a  way  that  guides  policy  decision-making 
in  the  context  of  the  ASEAN-5.  More  importantly  these  indicators 
must  illustrate  interconnections  in  order  to  link  the  three  aspects 
of  the  3A’s  energy  objectives. 

The  challenge  of  the  data  set  used  in  this  study  lies  mainly  in  its 
continued  and  rapid  changes  over  social,  economic  and  energy  indi¬ 
cators.  For  each  indicator,  we  have  attempted  to  use  the  data  from 
the  same  sources  for  every  country  in  order  to  provide  accurate 
cross-country  comparisons. 

3.2.2.  Accessibility  indicators  and  criteria 

Accessibility  is  related  to  the  access  to  electricity  at  affordable 
prices  in  a  sustainable  manner.  The  quantitative  indicators  cho¬ 
sen  to  assess  the  accessibility  aspect  consist  of  electrification  rate, 
electricity  tariff,  average  expenditure  on  electricity  bills,  per  capita 
electricity  consumption  and  growth,  and  electricity  intensity  (the 
ratio  of  electricity  consumption  to  economic  output). 

The  qualitative  criterion  considered  for  this  aspect  is  the  issue 
of  electricity  tariff  subsidies,  since  this  aspect  relates  to  sustain¬ 
able  electricity  pricing.  Subsidies  have  been  used  by  many  countries 
around  the  world  as  one  of  the  approaches  to  accelerate  electricity 
access  among  lower  income  groups.  However  the  subsidy  burden 
can  lead  to  deficits  in  the  national  budget  [36].  Non-cost  reflective 
tariffs  can  also  create  price  distortions  since  it  may  lead  to  inap¬ 
propriate  end-user  and  supply  decision  making.  It  has  also  been 
argued  that  subsidies  may  hinder  infrastructure  development  in 
the  electricity  sector  since  utilities  are  unable  to  obtain  the  rev¬ 
enues  needed  for  new  investment  [8].  Energy  subsidies  are  an 
extremely  complex  and  controversial  issue,  which  involves  social 
and  economic  dimensions.  Given  this  issue  is  not  the  main  focus 
of  this  study,  we  only  presents  potential  implications  relating  to 
subsidies  in  the  context  of  the  ASEAN-5. 

3.2.2.  Availability  indicators  and  criteria 

Availability  reflects  the  energy  security  aspect,  which  can  be 
categorised  into  short-term  reliability  and  long-term  continuity  of 
electricity  supply. 

a.  Indicators  for  short-term  reliability  of  supply.  Short-term  reliabil¬ 
ity  of  supply  involves  the  generation,  transmission  and  distribution 
of  electricity  to  end-users.  Due  to  the  complex  nature  of  reliability, 
several  indicators  are  needed  to  determine  the  extent  of  supply 
reliability  [43].  The  indicators  selected  for  this  aspect  include  the 
System  Average  Interruption  Frequency  Index  (SAIFI),  the  System 
Average  Interruption  Duration  Index  (SAIDI)  and  system  reserve 
margin. 

SAIFI  and  SAIDI  are  commonly  used  to  measure  the  reliability  of 
the  grid  over  a  given  time  period  [43].  SAIFI  measures  the  average 
number  of  times  during  a  year  that  a  customer  is  interrupted,  and 
is  defined  as 

SAIFI  t0ta^  num^er  customers  interrupted 

-  the  average  number  of  customers  served  ^ 

SAIDI  measures  the  average  duration  of  interruptions  in  minutes 
or  in  hours  per  customer  during  the  year.  This  index  is  a  measure 
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Table  1 

Summary  of  indicators  for  each  of  the  energy  sustainability  objectives. 


3A’s  energy  objectives 

Dimension 

Indicators  and  criteria 

Accessibility 

Affordable  price 

Energy  services 

1.  Electricity  prices  ($) 

2.  Average  expenditure  on  electricity  bills  (%  of  income) 

3.  Electricity  tariff  subsidy  (checklist) 

4.  Electrification  rate  (%) 

5.  Electricity  intensity  (kWh/GDP) 

6.  Electricity  consumption  per  capita  (kWh) 

Availability 

Short-term  reliability 
of  supply 

Long-term  continuity 
of  supply 

7.  Reserve  Margin  (%) 

8.  SAIFI  (no.  of  times),  SAIDI  (min) 

9.  Reliability  operating  standards  (checklist) 

10.  Cross-border  supply  and  interconnections  (checklist) 

11.  Fuel  mix  in  electricity  generation  (%  share  of  each  fuel  type) 

12.  Reliance  on  imported  fuels  for  electricity  generation  (%) 

13.  Fuel  diversity  (Shannon-Wiener  Index) 

Acceptability 

Safety 

Greenhouse  emissions 

14.  Strategy  for  nuclear  power  (checklist) 

15.  Renewable  energy  policy  (checklist) 

16.  Share  of  renewable  energy  in  electricity  generation  (%) 

1 7.  CO2  emission  per  capita  (tCC>2 ) 

18.  CO2  intensity  in  terms  of  economic  and  electricity  output 

of  the  response  or  restoration  time  when  outages  occur.  SAIDI  is 
defined  as 


SAIDI  = 


the  sum  of  all  customer  interruption  durations 
total  number  of  customers  served 


SAIFI  and  SAIDI  together  provide  a  suitable  measure  of  the  relia¬ 
bility  of  electricity  supply  as  they  capture  key  features  of  the  range 
of  power  interruptions  experienced  by  end  users  [44]. 

Reserve  margin  is  an  indicator  for  measuring  the  amount  of 
spare  generation  capacity  above  the  peak  demand.  This  criteria  has 
been  used  as  relative  indication  of  system  adequacy  [45].  Reserve 
margin  is  expressed  as 


Reserve  margin  (%) 


total  installed  capacity  -  peak  demand 
peak  demand 


Other  qualitative  criteria  for  assessing  short-term  reliability  of 
supply  are  the  reliability  operating  standards  and  the  existence  of 
cross-border  interconnections.  The  reliability  operating  standards 
may  include  a  standard  operating  practice  such  as  the  N-l  security 
criteria,5  system  frequency  and  voltage  standards.  These  criteria 
determine  the  ability  of  electricity  systems  to  withstand  distur¬ 
bances  and  contingencies,  which  resulted  from  unanticipated  loss 
of  system  elements  such  as  transmission  lines  or  generating  units. 
The  presence  of  cross-border  interconnections  can  enhance  the 
reliability  of  electricity  systems  in  addition  to  reducing  investment 
and  operation  costs  [46]. 


b.  Indicators  for  long-term  continuity  of  supply.  For  long-term  secu¬ 
rity  of  electricity  supply,  the  chosen  indicators  and  criteria  are 
related  to  the  shares  of  fuel  mix  in  electricity  generation,  and  the 
reliance  on  imported  fuel  for  electricity  generation.  Fuel  mix  cap¬ 
tures  the  balance  of  fuel  types  in  electricity  generation  in  a  country’s 
generation  portfolio.  Over-dependence  on  particular  types  of  fuels 
can  have  serious  potential  consequences  for  long-term  continu¬ 
ity  of  supply.  As  such,  fuel  mix  is  a  useful  indicator  in  assessing 
availability  since  it  can  be  used  as  a  basis  to  measure  diversity 
and  possible  long-term  security  of  electricity  supply  [31].  Diversi¬ 
fying  energy  resources  can  reduce  the  risks  arising  from  fuel  price 
fluctuations  as  well  as  physical  supply  interruption.  Diversity  is, 
however,  a  potentially  complex  concept  with  respect  to  energy 
security  where  issues  include  fuel  type,  fuel  sources  by  geographic 


5  The  N-l  security  criterion  is  a  requirement  that  the  power  system  can  withstand 
the  loss  of  any  single  component  of  an  electricity  supply  system  such  as  a  generating 
unit  or  transmission  network  equipment. 


regions  or  supplier,  or  technology  types  [47].  Domestic  availabil¬ 
ity  of  particular  energy  sources  is  also  relevant,  as  are  potential 
issues  regarding  whether  there  is  active  or  potential  export  of 
these  fuels  as  an  alternative  to  the  domestic  market.  This  study 
focusses  on  diversity  in  fuel  types  for  electricity  generation.  The 
Shannon-Wiener  Index  (SWI)  can  be  used  as  a  quantifiable  indica¬ 
tor  to  measure  diversity.  SWI  is  one  the  most  useful  concentration 
indices  where  higher  values  of  SWI  imply  greater  diversity  [48]. 
SWI  is  mathematically  expressed  as 

H  =  -J2.Pi  ■  lnPi  (4) 

where  pz  is  the  proportion  of  electricity  generation  from  fuel  source 
i. 

3.2.3.  Acceptability  indicators  and  criteria 

Indicators  and  criteria  selected  for  this  aspect  are  mostly  related, 
either  directly  or  indirectly,  to  C02  emissions  from  the  electric¬ 
ity  sector  since  C02  represents  the  most  significant  anthropogenic 
greenhouse  gas,  and  the  electricity  sector  is  the  largest  source  of 
C02  emissions  worldwide  [4]. 

There  are  also  other  potential  local  environmental  impacts  relat¬ 
ing  to  water,  land-use,  and  other  atmospheric  pollutants  such  as 
S02,  NOx  and  particulate  matter  (PM)  caused  by  fossil  (and  poten¬ 
tially  biomass)  fuel-fired  electricity  generation.  Although  such 
pollutants  can  have  significant  adverse  impacts  on  human  health, 
they  are  not  considered  in  this  study.  In  part,  this  choice  reflects 
the  main  focus  of  our  study  which  is  on  cross-country  compar¬ 
ison.  These  local  and  regional  issues  are  very  context  specific 
within  as  well  as  between  the  countries  being  studied.  This  choice 
also  arises  from  constraints  on  our  study  length  and  resources. 
Finally,  for  some  of  these  issues  there  are  relatively  straightfor¬ 
ward  and  effective  ways  to  significantly  reduce  their  impact  such 
as,  for  example,  controlling  S02,  NOx  and  PM  from  power  plants 
through  a  combination  of  combustion  measures  and  pollution  con¬ 
trol  systems  using  Electrostatic  Precipitators  (ESP)  and  Flue  Gas 
Desulphurisation  (FGD)  [49].  Such  measures  and  equipment  are 
already  being  used  in  some  of  the  ASEAN-5  countries.  Furthermore 
ASEAN  countries  already  have  in  place  some  forms  of  environmen¬ 
tal  regulations  that  set  permissible  limits  on  S02,  NOx  and  PM  from 
power  plants  [50].  This  is  not  to  argue  that  these  regional  air  pol¬ 
lutants  are  now  being  well  managed  and  no  longer  a  cause  for 
concern.  Adverse  health  impacts  continued  to  be  experienced  in 
the  ASEAN-5  countries  and  elsewhere  around  the  world  (includ¬ 
ing  many  OECD  countries).  There  are  potentially  significant  costs 
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associated  with  reducing  these  emissions  and  other  potential 
trade-offs  such  as  power  plant  output.  However,  the  policy  chal¬ 
lenge  posed  by  climate  change  is  very  different  -  there  are  no 
straightforward  technical  fixes  for  existing  fossil-fuel  plant  to 
achieve  major  emission  reductions. 

The  quantitative  indicators  employed  in  this  study  for  the 
environmental  aspect  include  C02  emissions  per  capita  and  C02 
intensity  both  in  terms  of  economic  output  (C02/GDP)  and  elec¬ 
tricity  generation  (C02/kWh).  The  C02  intensity  of  electricity 
generation  depends  largely  on  fuel  types  that  are  used  to  generate 
electricity  and,  in  particular,  on  the  share  of  low  and  non-emitting 
sources  such  as  gas,  hydro,  nuclear,  and  renewable  energy  in  the 
generation  mix  [51  ].  The  share  of  renewable  generation  capacity  is 
also  considered  in  order  to  determine  the  progress  of  renewable- 
based  electricity  generation  in  these  countries.  Furthermore,  it  can 
be  used  to  improve  our  understanding  of  the  relationship  between 
emissions  and  the  penetration  of  renewable  electricity  generation 
in  different  countries. 

Strategy  for  nuclear  power  and  renewable  energy  (RE)  policies 
are  also  considered  since  they  have  direct  environmental  and  social 
acceptability  implications.  RE  policy  is  seen  as  a  key  driver  in  the 
growth  of  renewable-based  electricity  generation  in  all  but  a  few 
countries  given  the  typically  low  direct  costs  of  fossil  fuels.  The 
strategy  for  nuclear  power  and  related  regulatory  framework  has 
a  direct  implication  on  social  acceptability  due  to  public  concerns 
over  nuclear  security  in  many  ASEAN  countries. 

Carbon  and  capture  storage  (CCS)  technology  is  another  poten¬ 
tial  option  for  mitigating  C02  emissions  from  the  electricity  sector. 
However,  there  are  a  number  of  regulatory  and  economic  issues 
that  need  to  be  addressed  before  large-scale  commercial  deploy¬ 
ment  of  CCS.  Incorporating  CCS  in  a  power  plant  may  increase  the 
generation  cost  by  40-65%  [52].  Furthermore,  limited  C02  stor¬ 
age  potential  and  technical  challenges  among  the  ASEAN-5  present 
major  barriers  for  CCS  development  in  this  region  [53].  Therefore 
the  potential  role  of  CCS  is  not  discussed  in  the  analysis. 

Table  1  provides  a  summary  of  indicators  and  criteria  for  each 
aspect  the  3A’s  energy  sustainability  objectives. 

4.  Sustainability  assessment  in  electricity  industries  in  the 
ASEAN-5 

The  indicators  and  criteria  described  in  Section  3  have  been 
applied  to  electricity  industries  in  the  ASEAN-5  to  illustrate  the 
application  of  the  framework,  and  provide  insights  into  the  sustain¬ 
ability  challenges  of  the  region.  Note  that  not  all  of  the  proposed 
indicators  and  criteria  are  actually  used  due  to  some  current  gaps  in 
available  information  for  the  ASEAN-5  countries.  These  indicators 
include  the  average  expenditure  on  electricity  bills,  SAIFI  and  SAIDI 
in  some  countries,  and  the  reliability  operating  standards.  These 
indicators  could,  if  and  when  available,  improve  our  understanding 
of  the  sustainability  challenges. 

4.2.  Accessibility 

Electricity  access  in  all  five  countries  has  been  improving  over 
the  past  decades  with  Thailand  and  Malaysia  being  able  to  pro¬ 
vide  nearly  100%  electricity  access.  These  countries  also  continue 
to  progress  towards  providing  electricity  access  to  their  rural  pop¬ 
ulations.  Table  2  shows  the  electrification  rate  of  each  ASEAN-5 
country  in  2008. 

Urban  electrification  rates  in  all  five  countries  are  fairly  high 
with  Indonesia  being  the  lowest  at  94%.  Indonesia  and  Philippines 
have  the  lowest  rural  electrification  rates  of  32  and  65%,  respec¬ 
tively.  There  are  geographical  barriers  issues  in  both  Indonesia  and 
the  Philippines  since  these  two  countries  contain  large  numbers 


Table  2 

Electricity  access  in  2008. 


Country 

Electrification  rate  (%) 

Total 

Urban 

Rural 

Thailand 

99.3 

100 

99.0 

Indonesia 

64.5 

94.0 

32.0 

Malaysia 

99.4 

100 

98.0 

Philippines 

86.0 

97.0 

65.0 

Vietnam 

89.0 

99.6 

85.0 

Source:  IEA  [8]. 


Table  3 

Average  residential  electricity  tariff  in  2005. 

Country  Electricity  tariffs  ($US/kWh) 


Thailand 

0.072 

Indonesia 

0.058 

Malaysia 

0.071 

Philippines 

0.073 

Vietnam 

0.07 

OECD 

0.124 

Sources:  ASEAN  Centre  for  Energy  [54],  IEA[55]. 


of  islands,  making  it  difficult  to  implement  cost  effective  large- 
scale  grid  systems.  In  OECD  countries,  of  course,  electrification  is 
basically  100%  across  and  urban  and  rural  populations.  Rural  elec¬ 
trification  should  be  a  key  priority  for  Indonesia  and  Philippines  in 
order  to  alleviate  poverty  and  support  economic  growth. 

Table  3  shows  the  average  electricity  tariffs  for  residential  con¬ 
sumers  in  these  five  countries  in  2005.  Every  country,  with  the 
exception  of  Philippines,  provides  subsidies  for  electricity  prices, 
particularly  Indonesia  [27]  as  reflected  by  its  relatively  low  elec¬ 
tricity  tariffs  compared  with  other  ASEAN  member  countries.  All  of 
the  countries’  tariffs  are  also  low  by  comparison  with  the  OECD. 

Subsidies  can  have  significant  adverse  effects  -  they  require  gov¬ 
ernment  revenue  to  be  directed  away  from  other  possible  uses, 
or  involve  a  revenue  shortfall  to  the  electricity  industry  utilities 
which  can  prevent  them  from  undertaking  necessary  investment  to 
increase  their  generation  capacity  and  networks  [31  ].  For  example, 
non-cost  reflective  tariffs  in  Indonesia  are  a  major  factor  hinder¬ 
ing  generation  investment  and  resulting  in  supply  shortages  [56]. 
Although  the  purpose  of  subsidised  electricity  tariffs  has  histor¬ 
ically  been  to  increase  electricity  affordability,  especially  for  the 
poor,  it  needs  to  be  arranged  in  a  manner  that  would  not  prevent 
the  utility  to  obtain  sufficient  revenue  to  maintain  its  services,  or 
prevent  governments  from  providing  other  key  services. 

Electricity  consumption  per  capita  and  the  electricity  consump¬ 
tion  growth  rate  during  1990-2007  are  shown  in  Figs.  4  and  5, 


■  Thailand  ■  Indonesia  "Malaysia  ■  Philippines  Vietnam  "OECD 

Fig.  4.  Per  capita  electricity  consumption. 

Data  source:  World  Bank  [26]. 
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Fig.  5.  Electricity  consumption  per  capita  growth  rate. 
Data  source:  World  Bank  [26]. 


respectively.  The  electricity  consumption  per  capita  of  countries 
in  the  ASEAN-5  is  still  well  below  the  OECD.  However,  the  con¬ 
sumption  growth  rate  is  considerably  higher  than  that  of  the  OECD 
average  due  to  the  numerous  drivers  noted  in  Section  2.  Viet¬ 
nam  has  the  highest  growth  in  electricity  consumption  averaging 
around  15%  due  mainly  to  its  strong  economic  growth.  In  1990, 
per  capita  electricity  consumption  in  Vietnam  was  the  lowest 
among  these  five  countries  but  its  per  capita  consumption  in  2007 
exceeded  those  of  Indonesia  and  the  Philippines. 

Fig.  6  shows  the  electricity  intensity  per  unit  of  GDP  adjusted 
2005  purchasing  price  parity  (PPP)  US  dollars. 

Generally,  the  trend  of  electricity  intensity  among  ASEAN-5  is 
on  the  rise,  which  implies  that  electricity  consumption  growth  has 
outpaced  economic  growth.  This  is  opposite  to  the  OECD  aver¬ 
age  in  which  the  electricity  intensity  has  been  declining.  During 
1990-2000,  the  increase  in  electricity  intensity  in  all  five  countries 
is  more  significant  compared  with  the  increase  during  2000-2007. 
Between  1990  and  2000,  electricity  intensity  in  these  countries 
increased  between  30  and  90%  but  during  2000-2007  the  rate  of 
increase  has  slowed  down  to  about  10%,  with  the  exception  of 
Vietnam.  These  variations  in  electricity  intensity  can  have  numer¬ 
ous  drivers  including  changes  in  energy  efficiency,  the  structure 
of  the  economy,  and  the  penetration  and  the  utilisation  of  elec¬ 
tricity  equipment  and  appliances  [14].  The  nature  of  the  change 
in  electricity  intensity  can  be  determined  by  decomposing  it  into 
sectoral  electricity  intensity  to  isolate  the  effect  of  changes  in  the 
economy  structure.  However  such  analysis  is  beyond  the  scope  of 
this  study.  In  this  case,  the  increase  in  electricity  intensity  is  likely 
due  to  the  shift  in  economic  structure  from  agriculture  and  services 
to  industry  sector  as  stated  in  Section  2.1.  Furthermore,  it  is  likely 
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Fig.  6.  Electricity  intensity  per  unit  of  GDP. 

Source:  World  Bank  [26]. 


Table  4 

Reserve  margin  and  cross-border  interconnections  in  the  ASEAN-5. 


Country 

Reserve  margin  (%) 

Interconnections 

Thailand 

25 

Malaysia  and  Laos  PDR 

Indonesia 

Deficit 

- 

Malaysia 

40 

Thailand  and  Singapore 

Philippines 

30 

- 

Vietnam 

25 

China,  Laos  PDR  and  Cambodia 

Sources:  IEA[56],  EGAT[57],  TNB[58],  ADB[59],  and  AESIEAP[60]. 


due  to  higher  electricity  access  as  well  as  greater  penetrations  of 
electricity  appliances. 

It  appears  that  these  countries  are  making  progress  in  terms 
of  accessibility.  Higher  electricity  consumption  implies,  other  fac¬ 
tors  being  equal,  greater  affordability  and  accessibility  [14].  If  the 
information  on  the  proportion  of  household  expenditure  on  elec¬ 
tricity  bills  were  available,  we  would  be  able  to  gauge  and  compare 
the  affordability  among  these  countries.  In  some  countries  such  as 
Indonesia,  the  Philippines  and,  perhaps,  Vietnam,  further  improve¬ 
ment  is  still  required  to  increase  electricity  access  in  rural  areas.  One 
of  the  major  issues  facing  these  countries  is  the  arrangements  of 
tariff  subsidies  since  it  could  potentially  prevent  electricity  utilities 
from  making  necessary  investments  due  to  revenue  shortages. 

4.2.  Availability 

The  availability  aspect  relates  to  energy  security  in  both  short 
term  and  long  term.  It  has  been  shown  in  previous  section  that 
these  five  countries  have  experienced  strong  electricity  consump¬ 
tion  growth  over  the  past  two  decades.  This  poses  a  challenge  in 
terms  of  maintaining  adequate  and  reliable  electricity  supply  on  a 
continuous  basis  to  meet  the  electricity  demand  requirement. 

4.2.1.  Short-term  reliability  of  supply 

Unlike  Thailand  and  Vietnam,  power  grids  in  Indonesia,  the 
Philippines  and  Malaysia  are  fragmented  into  many  areas  due  to 
their  geographies  therefore  the  analysis  for  the  short-term  relia¬ 
bility  of  supply  is  focussed  on  what  considered  to  be  the  main  grid 
of  these  three  countries,  which  are  Java-Bali  in  Indonesia,  Luzon  in 
the  Philippines  and  the  Malaysia  Peninsular. 

Reserve  margins  of  the  ASEAN-5  are  shown  in  Table  4.  Typical 
reserve  margin  targets  are  normally  in  the  range  of  18-25%  [46]. 
Every  country  except  Indonesia  has  a  relatively  high  reserve  mar¬ 
gin,  which  is  between  25  and  40%.  Although  a  high  reserve  margin 
such  that  in  Malaysia  arguably  improves  the  reliability  of  supply,  it 
incurs  additional  costs  resulting  in  an  increase  in  the  overall  gen¬ 
eration  cost  that  might  be  avoided  without  adverse  impacts  on 
reliability.  Indonesia  has  negligible  reserve  margin  due  to  gener¬ 
ation  shortages  as  a  result  of  rapid  increased  demand  and  under 
investment  in  the  power  sector  as  mentioned  in  the  previous  sec¬ 
tion. 

Among  the  ASEAN-5,  Thailand,  Malaysia  and  Vietnam  have 
cross-border  interconnections  with  neighbouring  countries 
whereas  Indonesia  and  the  Philippines  do  not  have  such  intercon¬ 
nections  due  to  their  isolated  geographical  locations.  Cross-border 
interconnections  can  help  to  enhance  the  reliability  and  security  of 
the  electricity  supply,  particularly  during  periods  of  high  demand. 

SAIFI  and  SAIDI  for  both  transmission  and  distribution  levels 
in  these  five  countries  are  shown  in  Table  5.  For  Indonesia  and 
Thailand,  SAIFI  and  SAIDI  for  the  distribution  levels  are  further  cat¬ 
egorised  into  metropolitan  and  provincial  areas  while  Malaysia  has 
only  one  SAIFI  and  SAIDI  figure  for  the  distribution  level.  The  infor¬ 
mation  provided  in  Table  5  reflects  the  most  recent  data  that  is 
publically  available  (either  2007  or  2008).  Due  to  the  lack  of  data, 
we  could  not  obtain  SAIFI  and  SAIDI  at  both  transmission  and  dis¬ 
tribution  levels  for  Vietnam. 
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Table  5 

SAIFI  and  SAIDI  of  transmission  and  distribution  systems  in  the  ASEAN-5. 


Country 

Transmission  level 

Distribution  level 

SAIFI 

SAIDI  (min/year) 

SAIFI 

SAIDI  (min/year) 

Metropolitan 

Provincial 

Metropolitan 

Provincial 

Thailand 

0.35 

8.258 

2.3a 

9.57b 

50.65a 

385.93b 

Indonesia 

Not  available 

6C 

13d 

332c 

530d 

Malaysia 

0.287 

6.6 

0.83 

78 

Philippines 

0.63 

45 

Not  available 

Vietnam 

Not  available 

Not  available 

Sources:  EGAT[57],  MEA  [61  ],  PEA[62],  ADB  [63],  TNB[58],  and  The  Japan  Economic  Research  Institute  [64]. 
a  Distribution  network  in  Bangkok  and  Metropolitan  areas. 

b  Distribution  network  in  provincial  areas  outside  Bangkok  and  Metropolitan  areas. 
c  Distribution  network  in  Jakarta  and  Tangernang. 
d  Distribution  network  in  Central  Java. 


Thailand  Indonesia  Malaysia  Philippines  Vietnam 

□  others  ngas  noil  Bcoal 

Fig.  7.  Fuel  mix  trend  1990-2007  in  electricity  generation. 

Data  source:  IEA  [67]. 


Although  methods  of  recording  interruptions  may  differ  among 
electric  utilities,  industry  surveys  generally  find  that  typical  values 
of  SAIFI  and  SAIDI  at  distribution  level  are  between  0.95  and  1.7 
interruptions  per  customer  and  90  and  150  min  in  a  given  year, 
respectively  [65,66]. 

The  interruption  indexes  at  the  transmission  level  for  Thailand, 
Malaysia  and  the  Philippines  are  relatively  low  which  indicates  reli¬ 
able  transmission  networks.  This  corresponds  with  a  fairly  high 
reserve  margin  in  these  countries  as  shown  in  Table  5.  SAIFI  and 
SAIDI  for  the  transmission  network  are  not  only  influenced  by 
generation  reserve  margin  but  also  network  reserve  such  as  the 
available  capacity  of  transmission  network  elements. 

At  the  distribution  levels,  however,  only  Malaysia  can  be  viewed 
as  having  reliable  distribution  networks.  The  interruption  indexes 
for  the  distribution  levels  in  the  provincial  areas  of  both  Thailand 
and  Indonesia  are  very  high,  suggesting  that  distribution  networks 
in  rural  areas  in  these  two  countries  are  not  very  reliable.  It  also 
indicates  that  consumers  in  provincial  areas  experience  far  more 
frequent  interruptions  and  longer  restoration  times  compared  with 
those  within  urban  areas.  Among  these  countries,  Indonesia  has  the 
poorest  supply  reliability.  Negligible  reserve  margins  in  Indonesia 
have  led  to  a  considerable  amount  of  unserved  demand  and  is  one 
of  the  key  reasons  that  contributed  to  its  high  interruption  indexes 
compared  with  other  countries. 

4.2.2.  Long-term  continuity  of  electricity  supply 

Some  key  long-term  continuity  of  supply  challenges  for  the 
ASEAN-5  can  be  gauged  from  the  trend  of  fuel  mix  in  electricity 
generation. 


Fig.  7  shows  the  fuel  mix  in  electricity  generation  in  the  ASEAN- 
5  during  1 990-2007.  Generally,  the  use  of  natural  gas  for  electricity 
generation  has  considerably  increased  over  the  past  two  decades 
and  it  has  become  the  preferred  fuel  source  in  all  countries  with  the 
exception  of  Indonesia.  Thailand  and  Malaysia  depend  heavily  on 
natural  gas  for  electricity  generation,  accounting  for  more  than  60% 
of  the  total  electricity  generation  in  2007.  The  concern  over  energy 
security  due  to  a  heavy  reliance  of  natural  gas  has  resulted  in  a 
recent  increase  in  coal-fired  electricity  generation  particularly  in 
Thailand  and  Malaysia.  The  share  of  coal  fluctuated  around  20-40% 
during  1990-2007.  Indonesia  has  the  largest  share  of  coal  in  elec¬ 
tricity  generation  and  the  share  of  coal  has  increased  from  30%  in 
1990  to  45%  in  2007.  Whilst  coal  is  a  lower  priced  fuel  with  lower 
price  volatility,  this  development  does  work  against  progress  on 
managing  greenhouse  emissions  and  hence  environmental  accept¬ 
ability  which  will  be  discussed  further  in  the  next  section. 

Fig.  8  illustrates  the  detailed  fuel  mix  in  electricity  genera¬ 
tion  in  2007  for  the  ASEAN-5  compared  with  five  OECD  countries: 
Australia,  the  USA,  the  UK,  Japan  and  France.  It  highlights  that  the 
‘Other’  fuel  sources  indicated  in  Fig.  7  are  largely  hydro  generation. 

Indonesia,  the  Philippines  and  Vietnam  appear  to  have  a  rel¬ 
atively  well  diversified  fuel  mixes.  However,  the  fuel  mix  in 
Indonesia  comprises  of  a  considerable  share  of  oil  which  poten¬ 
tially  adversely  affects  energy  security  due  to  its  price  volatility 
and  growing  availability  concerns.  In  Vietnam,  the  majority  of  elec¬ 
tricity  supply  is  from  hydropower,  which  accounts  for  nearly  40% 
of  the  total  generation.  Whilst  an  excellent  electricity  generation 
option,  this  could  also  pose  a  problem  during  the  dry  season,  since 
hydro  plants  are  often  unable  to  operate  at  their  full  capacity  at 
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Data  source:  IEA  [67]. 


Fig.  8.  Fuel  mix  in  electricity  generation  in  2007. 


such  times.  The  Philippines  and  Indonesia  have  significant  poten¬ 
tial  in  geothermal  power,  ranking  second  and  third,  respectively,  in 
the  world  in  terms  of  geothermal  generation  capacity  [39].  In  2007, 
the  share  of  geothermal  power  in  Indonesia  and  Philippines  was  5% 
and  17%,  respectively. 

Fuel  diversity  in  the  electricity  generation  sector  is  quantita¬ 
tively  measured  using  the  Shannon-Wiener  Index  (SWI).  Fig.  9 
shows  the  SWI  for  the  ASEAN-5  as  well  as  the  five  selected  OECD 
countries.  It  has  been  suggested  that  a  value  of  below  1.0  indicates 
that  the  system  is  highly  concentrated  and  could  threaten  secu¬ 
rity  of  electricity  supply.  A  value  above  2.0  implies  a  system  with 
numerous  sources  [47]. 

Thailand  and  Malaysia  have  the  lowest  SWI,  which  are  below  1 .0 
indicating  that  the  electricity  generation  is  highly  dependent  on  a 
particular  type  of  fuel,  which  is  natural  gas.  On  the  other  hand,  the 
SWI  for  Indonesia,  the  Philippines  and  Vietnam  is  around  1 .2  which 
indicates  more  diversified  fuel  mixes.  Among  the  five  selected 
OECD  countries,  France  and  Australia  have  the  lowest  SWI  due  to 
their  heavy  dependence  on  nuclear  and  coal  for  electricity  genera¬ 
tion,  respectively.  Japan  has  a  well-diversified  fuel  mix  with  similar 
proportion  of  coal,  gas  and  nuclear,  as  reflected  by  its  relatively  high 
SWI.  Although  higher  SWI  indicates  greater  fuel  diversity,  it  does 
not  necessarily  imply  greater  energy  security  since  the  SWI  does 


Shannon-Wiener  index  (SWI)  for  fuel  diversity  in  2007 


Fig.  9.  Shannon-Wiener  Index  (SWI)  in  2007. 

Source:  this  study. 


not  reflect  other  aspects  which  also  affect  energy  security  such  as 
fuel  types  in  the  generation  mix.  As  noted  above,  for  example,  the 
ready  availability  of  relatively  low-cost  coal  from  a  range  of  coun¬ 
tries  might  suggest  high  energy  security  value  (although  we  revisit 
this  in  the  next  section). 

Thailand  and  Malaysia  rely  heavily  on  natural  gas  and  their  fuel 
mixes  are  rather  concentrated.  This  could  have  significant  energy 
security  implications  in  the  long  run  due  to  the  exposure  to  risk 
from  fuel  supply  availability  and  price  fluctuation.  Although  the 
majority  of  natural  gas  supplies  are  currently  sourced  domestically, 
natural  gas  prices  in  both  Thailand  and  Malaysia  are  highly  depen¬ 
dent  on  international  prices  through  indexation  with  fuel  oil  in  the 
Singapore  market  [68,69].  Such  dependence  on  international  prices 
raises  greater  concerns  over  energy  security. 

4.3.  Acceptability 

Acceptability  is  related  to  social  and  environmental  implica¬ 
tions  in  the  electricity  industry.  Increased  electricity  consumption 
has  subsequent  impacts  on  the  environment  since  C02  emissions 
are  directly  linked  with  electricity  consumption  and  fuel  mix  in 
electricity  generation  [31  ]. 

Fig.  10  shows  per  capita  C02  emissions  from  the  electricity  sec¬ 
tor  in  the  ASEAN-5  and  the  OECD  during  1995-2007.  Although  C02 

C02  emissions  per  capita  from  the  electricity  sector  -  ASEAN-5 
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Fig.  10.  C02  emissions  per  capita  produced  from  the  electricity  sector  during 
1995-2007. 

Data  source:  IEA  [4]. 
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CP2  intensity  of  economic  output  -  ASEAN-5 
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Fig.  11.  CO2  intensity  of  economic  output  during  1995-2007. 
Data  sources:  IEA  [4];  World  Bank  [26]. 


emissions  per  capita  in  these  countries  are  still  well  below  that  of 
OECD  average,  the  rate  of  increase  is  rather  alarming.  C02  emis¬ 
sions  in  these  countries  have  increased  between  100  and  300% 
over  the  past  20  years  with  Malaysia  having  per  capital  C02  emis¬ 
sions  relatively  close  to  that  of  OECD  average  by  2007.  On  the 
other  hand,  C02  emissions  in  the  OECD  have  remained  rather 
constant  during  this  same  period.  However,  the  contribution  of 
the  ASEAN-5  to  worldwide  C02  emissions  from  the  electricity 
sector  is  still  relatively  small.  In  2009,  the  ASEAN-5  contributed 
approximately  2.5%  of  worldwide  total  C02  emissions  from  the 
electricity  sector  compared  with  40%  for  the  OECD  and  30%  for 
China  [70]. 

There  are  also  other  factors  that  contribute  to  the  level  of  C02 
emissions  from  the  electricity  sector.  These  factors  are  country  spe¬ 
cific,  and  may  include  generating  plants  efficiency,  percentage  of 
electricity  access  and  per  capita  income.  This  paper,  though  does 
not  attempt  to  analyse  the  relationship  among  these  factors.  Rather, 
it  looks  at  the  trend  of  C02  emissions  per  capita  from  the  electricity 
sector  over  time. 

As  shown  in  Fig.  11,  C02  intensity  in  terms  of  economic  output 
(C02/GDP)  in  these  countries,  except  the  Philippines,  is  increasing, 
which  means  that  C02  emissions  from  the  electricity  sector  have 
been  increasing  at  a  faster  rate  than  economic  growth.  The  ratio  of 
C02  emissions  per  GDP  responds  to  changes  in  electricity  intensity 
[4],  which  has  been  previously  shown  to  increase  due  largely  to 
greater  electricity  access  and  structural  shifts  towards  the  industry 
sector. 

C02  intensity  of  electricity  generation  (C02/kWh)  in  these  five 
countries  has  fluctuated  during  1 995-2007,  as  shown  in  Fig.  1 2.  The 
change  in  C02  intensity  of  electricity  generation  is  related  with  the 
change  in  the  structure  of  fuels  used  for  electricity  generation  [12]. 
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Fig.  12.  CO2  intensity  of  electricity  generation  during  1995-2007. 
Data  source:  IEA  [4];  World  Bank  [26]. 


Table  6 

Nuclear  power  strategy  in  the  ASEAN-5. 


Country 

Plans  for  nuclear  power 

Thailand 

Plan  for  2000  MW  of  nuclear  power  plants  to  be  operated 
in  2020-2021. 

Indonesia 

Planned  for  4  nuclear  plants  by  2025  but  was  cancelled 
due  to  tight  credit  and  public  opposition. 

Malaysia 

Express  interest  in  the  possible  deployment  of  nuclear 
power  after  2020  to  diversity  its  fuel  mix  for  electricity 
generation. 

Philippines 

Plan  for  2400  MW  of  nuclear  power  during  2025-2034. 

Also  contemplating  reviving  the  Bataan  nuclear  plant, 
which  was  mothballed  in  1986  to  reduce  fossil  fuel 
dependence. 

Vietnam 

Plan  to  construct  the  first  nuclear  power  plant,  which  is 
scheduled  to  commission  in  around  2017-2020. 

Source:  IEA  [8]. 

This  appears  to  be  the  case  for  the  ASEAN-5  since  the  change  in  C02 
intensity  per  kWh  corresponds  with  the  change  in  the  share  of  coal 
in  the  fuel  mix  for  electricity  generation  during  the  same  period  as 
shown  in  Fig.  7.  For  Thailand,  the  C02  intensity  per  kWh  has  been 
declining  due  to  the  shift  of  fuel  mix  from  high  emitting  coal  and 
oil  sources  to  lower-emitting  natural  gas.  For  Indonesia,  the  C02 
intensity  per  kWh  is  on  a  rising  trend  due  to  the  increasing  shares 
of  coal  in  electricity  generation.  For  Malaysia,  the  Philippines,  and 
Vietnam,  the  fluctuations  in  C02  intensity  per  kWh  also  coincide 
with  the  fluctuation  in  the  share  of  coal  in  electricity  generation 
during  the  same  period.  The  C02  intensity  per  kWh  is  considerably 
influenced  by  the  share  of  high  emission  fuel  sources  such  as  coal 
in  electricity  generation. 

Other  than  meeting  domestic  energy  demand,  the  increasing 
pressure  on  greenhouse  emissions,  fossil  fuel  price  volatility  and 
the  need  to  diversify  fuel  mix  have  led  the  governments  in  the 
ASEAN-5  countries  to  consider  nuclear  power  as  one  of  the  options 
to  solve  such  problems.  Thailand,  the  Philippines  and  Vietnam 
have  already  included  nuclear  power  as  part  of  their  future  gen¬ 
eration  mix  while  Indonesia  and  Malaysia  are  contemplating  this 
option  [8,71].  Despite  the  keen  interest  in  nuclear  power  by  the 
governments  in  these  countries,  there  are  still  considerable  social 
and  environmental  acceptability  implications  -  related  to  nuclear 
safety,  waste  management  and  nuclear  proliferation  -  which  need 
to  be  addressed.  These  concerns  are  yet  to  be  formally  addressed 
and  the  directions  are  still  unclear,  leading  to  an  on-going  debate  on 
the  necessity  of  nuclear  power  in  the  ASEAN-5  [38  ].  Therefore,  a  key 
challenge  for  these  countries  should  they  choose  to  try  and  deploy 
nuclear  power  lies  in  developing  safety  and  security  regulations  in 
order  to  build  the  required  social  consensus  and  public  acceptance 
that  will  be  required.  Table  6  summarises  plans  for  nuclear  power 
among  these  countries. 

Renewable  energy  (RE)  policy  is  also  another  important  measure 
that  can  have  a  direct  influence  on  electricity  industry  emissions. 
The  ASEAN-5  countries  have  all  noted  the  particular  importance 
of  RE  as  a  measure  to  mitigate  increasing  C02  emissions  as  well 
as  diversify  fuel  sources  from  fossil  fuels  in  electricity  genera¬ 
tion.  This  is  reflected  by  their  RE  policies  and  targets  to  promote 
renewable  electricity  generation.  The  ASEAN-5  countries  provide 
financial  incentives  which  include  feed-in  tariffs  (FIT),  tax  exemp¬ 
tions  and  capital  cost  grants.  RE  targets  and  financial  incentives 
provided  by  these  countries  are  described  in  Table  7.  Levels  of 
ambitions  and  incentives  as  well  as  time  frames  vary  among  these 
countries,  with  Thailand,  Indonesia  and  the  Philippines  appear  to 
be  very  committed. 

The  main  RE  resources  in  this  region  consist  of  biomass,  geother¬ 
mal,  mini  and  micro-hydro  and  solar  energy.  Estimated  technical 
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Table  7 

Renewable  energy  (RE)  policies  in  the  ASEAN-5. 


Country  Renewable  energy  (RE)  policy 


Thailand 

Targets 

Incentives 

Indonesia 

Targets 

Incentives 

Malaysia 

Targets 

Incentives 

Philippines 

Targets 

Incentives 

Vietnam 

Targets 

Incentives 

•  Increase  the  share  of  RE  to  20%  of  total  consumption  by  2020  [72]. 

•  Increase  renewable  generation  capacity  to  5.6  GW  by  2022  mainly  from  Biomass.  Other  sources  include  wind,  solar  PV,  and  waste  [71  ]. 

•  FIT,  tax  holidays,  import  duty  exemption,  capital  grants  [72]. 

•  Increase  the  share  of  renewable  generating  capacity  of  micro-hydro,  geothermal,  wind,  solar  PV,  and  biomass  to  17%  by  2030  [56]. 

•  FIT  and  tax  exemption  for  geothermal  projects  [28] 

•  Add  350  MW  of  grid  connected  renewable  electricity  by  2010  [58]. 

•  FIT,  tax  holidays  [28]. 

•  Establish  the  Small  RE  Power  Programme  [8]. 

•  Increase  RE  capacity  by  100%  from  the  2005  level  by  2015  [28].  Adding  700  MW  of  new  geothermal  capacity  during  2010-2014  [8]. 

•  Taxes  and  duties  exemption  for  geothermal  power  projects,  FIT,  capital  grants  [72]. 

•  Add  4050  MW  of  renewable  generation  capacity  including  micro-hydro,  wind,  biomass,  and  solar  PV  by  2025  [28]. 

•  FIT,  Investment  incentives,  preferential  pricing,  and  preferential  taxes  for  development  of  new  and  RE  resources  [72]. 


Table  8 

Technical  potential  for  renewable  electricity  generation  in  the  ASEAN-5. 


RE  resource 

Combined  technical 
potential 

Countries 

Remarks 

Hydro 

150  GW 

All  ASEAN-5  countries 

•  Includes  mini-  and  micro-hydro  potentials 

•  >25%  already  exploited 

Biomass 

90  GW 

All  ASEAN-5  countries 

•  Fuels  include  agricultural  and  forestry  residues,  energy  and  forestry 
crops,  animal  residues,  and  municipal  solid  waste 

•  Largely  remains  unexploited 

Solar  PV 

4-7  kWh/m2  /day 

All  ASEAN-5  countries 

Currently  nearly  non  existent 

Geothermal 

30  GW 

Indonesia  and  the  Philippines 

•  Indonesia:  27  GW,  the  Philippines:  3  GW 

•  Largely  remains  unexploited 

Wind 

180  GW 

All  ASEAN-5  countries 

•  Mainly  in  Vietnam  and  the  Philippines 

•  Include  both  on  shore  and  off-shore 

Source:  [28,73]. 


Table  9 

Share  of  renewable  electricity  generation  in  2007. 


Country 

2007  share  of 
non-hydro  renewable 
electricity  generation 

2007  share  of 
renewable  electricity 
generation  with  hydro 

Thailand 

2.9% 

8.6% 

Indonesia 

4.9% 

12.9% 

Malaysia 

0 

6.4% 

Philippines 

17.2% 

31.6% 

Vietnam 

0 

43% 

potentials6  for  grid-connected  renewable  generation  in  the  ASEAN- 
5  are  summarised  in  Table  8.  For  off-grid  applications,  however, 
technical  potentials  are  substantially  larger  and  currently  there  is 
a  relative  high  solar  photovoltaic  penetration  for  off-grid  applica¬ 
tions  such  as  water  pumping  and  lighting  in  Thailand,  Indonesia, 
Philippines  and  Vietnam  [8]. 

The  ASEAN-5  has  promising  technical  potentials  for  a  range  of  RE 
resources.  However,  other  than  hydro,  RE  resources  in  the  ASEAN-5 
are  currently  underexploited  due  largely  to  economic  and  regula¬ 
tory  barriers  [8].  Other  barriers  also  include  administrative  hurdles, 
grid  access  issues,  persistent  fossil-fuel  subsidies,  and  lack  of  infor¬ 
mation  and  training  [28]. 

The  share  of  renewable  electricity  generation  with  and  with¬ 
out  hydro  of  each  country  in  2007  is  presented  in  Table  9.  The 
Philippines  have  the  highest  share  of  non-hydro  renewable 


6  The  technical  potential  is  the  amount  of  output  obtainable  by  full  implemen¬ 
tation  of  technologies  or  practices  on  the  basis  of  technical  boundary  conditions 
or  technical  limitations  without  explicit  reference  to  costs,  barriers,  or  policies  [39]. 
The  technical  potential  is  dynamic  and  can  be  increased  with  improved  technologies 
arising  from  R&D,  demonstration  and  deployment  [28]. 


generation  capacity,  which  predominantly  consists  of  geothermal, 
accounting  for  about  1 7%  of  total  generation  capacity.  Malaysia  and 
Vietnam,  on  the  other  hand,  have  negligible  share  of  non-hydro 
renewable  generation  capacity  whilst  the  share  in  Thailand  and 
Indonesia  is  about  3%  and  5%,  respectively. 

Social  and  environmental  acceptability  remains  a  challenging 
aspect  for  every  country  in  the  ASEAN-5  due  largely  to  their  rapidly 
increasing  in  C02  emissions.  A  sustainable  level  of  C02  emissions 
is  difficult  to  determine  but  avoiding  dangerous  climate  change 
might  require  emissions  to  stabilise  at  levels  equivalent  to  around 
2  tC02/per-capita  by  2050  [74].  Assuming  that  an  effective  and 
equitable  international  framework  is  established  to  address  cli¬ 
mate  change,  the  rate  of  C02  emissions  per  capita  growth  and 
C02  intensity  of  economic  output  in  the  ASEAN-5  needs  to  be 
carefully  addressed  in  order  to  improve  environmental  sustain¬ 
ability  outcomes.  Furthermore,  although  RE  targets  have  been 
established  for  every  country  in  the  ASEAN-5,  effective  policy  mea¬ 
sures  are  required  to  overcome  economic  and  regulatory  barriers 
in  order  to  increase  the  share  of  non-hydro  renewable  electricity 
generation. 


5.  Key  challenges  and  options  for  electricity  industries  in 
the  ASEAN-5 

In  this  section,  some  of  the  key  sustainability  challenges  for  elec¬ 
tricity  industries  in  the  ASEAN-5  are  highlighted  and  contrasted. 
These  challenges  are  also  placed  in  the  context  of  potential  priori¬ 
tisations  among  each  aspect  of  the  3A’s  energy  objectives  for  each 
country.  Potential  opportunities  for  collaboration  among  countries 
in  this  region  to  address  these  sustainability  challenges  are  also 
considered. 
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5.2.  Key  sustainability  challenges  and  options 

In  general,  the  electricity  industries  of  the  ASEAN-5  face  increas¬ 
ing  challenges  in  meeting  rapid  growth  in  electricity  demand, 
improving  both  short-term  quality  of  supply  and  longer-term 
energy  security  whilst  reducing  greenhouse  emissions.  The  many 
specific  challenges  that  will  need  to  be  overcome  in  order  to 
ensure  adequate  and  affordable  access  to  electricity  in  an  eco¬ 
nomic  viable,  socially  and  environmentally  acceptable  manner 
include: 

•  Ensuring  sufficient  generation  and  network  capacity  to  improve 
the  reliability  of  electricity  supply  whilst  meeting  growing 
demand.  The  utilities  need  to  undertake  timely  and  efficient 
investment  to  keep  pace  with  the  growth  in  demand.  Improv¬ 
ing  electricity  access  in  rural  areas  is  a  particular  challenge  for 
Indonesia,  the  Philippines  and,  to  a  lesser  extent,  Vietnam  to  facil¬ 
itate  economic  and  social  development  of  these  countries.  Off  grid 
RE  applications  may  be  of  particular  value  in  expanding  rural  elec¬ 
trification  in  countries  with  geographical  barriers  such  as  those 
of  Indonesia  and  the  Philippines. 

•  Managing  tariff  subsidies  to  address  equity  concerns  while  still 
enabling  to  appropriately  develop  and  expand  electricity  infras¬ 
tructure. 

•  Improving  short-term  quality  of  electricity  supply  in  rural  areas 
particularly  in  Thailand  and  Indonesia. 

•  Diversifying  the  industry  fuel  mix  to  enhance  long  term  security 
of  electricity  supply  by  minimising  risks  arising  from  fossil  fuel 
availability  and  price  uncertainty,  particularly  in  Thailand  and 
Malaysia  which  have  a  heavy  reliance  on  gas.  Often  the  expansion 
of  the  local  fuel  supplies  to  reduce  the  amount  of  fuel  imports 
can  enhance  security  of  supply  but  this  may  not  address  pricing 
impacts  since  fuel  prices  in  this  region  are  typically  closely  linked 
to  international  (traded)  prices. 

•  Increasing  the  share  of  RE  resources  in  electricity  generation. 
This  requires  considerable  policy  support  to  fulfil  their  promising 
technical  potential. 

•  Mitigating  the  rise  in  C02  emissions  through  RE  and  wider  envi¬ 
ronmental  policies  to  address  environmental  externalities.  These 
include  improved  energy  efficiency,  appropriate  regional  devel¬ 
opment  policies  and  the  possible  greater  use  of  lower-emission 
fossil  fuel  options  and  nuclear  power. 

•  Addressing  social  acceptability  concerns  regarding  large  power 
projects  such  as  nuclear  power  and  geothermal  by  improving 
governance  arrangements  through  more  transparent  and  inclu¬ 
sive  decision  making  frameworks. 

The  challenges  facing  this  region  have  some  shared,  yet  also 
some  different,  priorities  by  comparison  with  both  OECD  members 
and  the  least  developed  countries.  The  WEC  has  recently  argued 
[40]  that  access  to  modern  energy  and  energy  security  are  the  two 
fundamental  aspects  that  need  to  be  addressed  before  considering 
higher  order  aspects  including  economic  efficiency,  social  accept¬ 
ability  and  environmental  viability.  In  the  context  of  this  study,  this 
suggests  that  the  Accessibility  and  Availability  aspects  of  the  3A’s 
energy  objectives  should  take  higher  priority  than  Acceptability  for 
the  ASEAN-5in  particular.  Although  there  appears  to  be  growing 
concerns  over  environmental  acceptability  in  this  region,  it  can 
be  argued  that  this  concern  should  not  be  subjected  to  the  same 
priority  as  improving  electricity  access  and  supply  security.  This  is 
particularly  the  case  for  a  global  challenge  such  as  climate  change, 
given  that  per-capita  emissions  of  the  ASEAN-5  are  generally 
far  lower  than  those  of  the  OECD  countries,  which  also  have  far 
greater  per-capita  wealth.  It  therefore  seems  reasonable  that 
improving  electricity  access  should  be  a  top  priority  particularly 
in  countries  like  Indonesia,  the  Philippines  and  Vietnam  where 


rural  electrification  rates  are  still  relatively  low.  Enhancing  energy 
security  in  both  short-term  and  long-term  should  also  be  on  the 
top  of  the  agenda  amongst  the  ASEAN-5.  Some  options  to  improve 
access  and  energy  security  are  regional  or  national  in  nature.  For 
example,  there  may  be  excellent  opportunities  for  policy  makers 
to  facilitate  greater  energy  efficiency  and  demand  management  - 
opportunities  which  have  proven  very  valuable  in  some  electricity 
industries  around  the  world. 

There  would  appear  good  options  to  address  these  sustainabil¬ 
ity  challenges  through  regional  collaboration  in  terms  of  resource 
sharing  and  integration  amongst  the  ASEAN-5  electricity  indus¬ 
tries,  and  ASEAN  in  more  general,  since  countries  in  this  region 
have  different  natural  resource  endowments.  The  establishment  of 
the  ASEAN  Power  Grid  and  Trans-ASEAN  Gas  Pipeline  have  been 
identified  as  a  key  development  in  supporting  increased  resource 
sharing  amongst  the  ASEAN  countries  [8,75]. 

Currently  cross-border  interconnections  only  exist  amongst 
some  ASEAN  countries,  and  are  far  less  developed  than  those  of 
some  other  regions  such  as  the  European  Union  (EU)  and  the 
Nordic  countries.  The  value  of  cross-border  interconnections  is 
that  they  can  enhance  the  security  of  electricity  supply  over  both 
the  short  and  longer-term,  as  well  as  the  efficiency  of  resource 
utilisation.  There  are  complex  and  interrelated  choices  in  terms 
of  such  cross-border  interconnections  -  for  example,  pipelines 
or  electricity  transmission  -  and  their  specific  characteristics. 
In  terms  of  transmission,  High  Voltage  Direct  Current  (HVDC) 
lines  may  be  well  suited  to  some  applications  for  the  ASEAN-5 
including  undersea  links.  HVDC  links  also  have  some  advan¬ 
tageous  operational  characteristics  for  linking  national  systems 
with  potentially  different  voltage  and  frequency  requirements, 
and  where  a  high  degree  of  control  is  required.  Greater  inter¬ 
connection  of  gas  pipelines  amongst  ASEAN  countries  would 
also  facilitate  natural  gas  trading  across  their  borders  [8].  Such 
pipeline  interconnections  could  increase  reliability  of  both  gas 
and  electricity  supply  particular  in  countries  which  rely  heav¬ 
ily  on  natural  gas  for  electricity  generation  such  as  Thailand  and 
Malaysia. 

Other  possible  shared  resources  in  this  region  are  renew¬ 
able  resources  including  geothermal,  hydro  and  biofuels  [8,18]. 
Presently,  there  are  agreements  already  in  place  between  Laos 
PDR  and  its  neighbouring  countries  including  Thailand  and  Viet¬ 
nam  for  the  development  of  hydro  trans-boundary  projects  under 
public-private  partnership  models.  With  their  abundance  of  hydro 
resources  but  currently  low  domestic  electricity  demand,  Laos  can 
use  these  projects  to  sell  electricity  to  its  neighbours  and  therefore 
generate  revenue  that  can  be  used  towards  reducing  its  poverty 
[39].  Furthermore,  there  are  also  potentials  for  these  countries  to 
learn  from,  and  share  experiences  and  information  amongst  one 
another  on  various  issues  such  as  the  implementation  of  various 
policies  and  transfer  of  technologies. 

Such  collaborations  could  be  important  towards  ensuring  sus¬ 
tainable  development  of  the  electricity  industries  in  ASEAN. 
Nevertheless  there  are  many  challenges  to  first  overcome  includ¬ 
ing  a  range  of  regulatory,  policy  and  financial  barriers,  before  such 
collaborations  can  be  successfully  established.  This  is  particularly 
the  case  for  the  ones,  which  involve  high  costs  such  as  cross-border 
interconnections  and  pipelines.  Furthermore,  common  regulatory 
frameworks  need  to  be  established  to  ensure  effective  utilisation  of 
cross-border  interconnections  and  pipelines  in  a  way  that  benefits 
every  country  in  the  region. 

The  collaboration  in  addressing  sustainability  in  the  electricity 
industry  could  build  upon  the  existing  ASEAN  Plan  of  Action  for 
Energy  Cooperation  (APAEC)  [75].  Hopefully,  sustainability  assess¬ 
ments  such  as  that  undertaken  in  this  study  might  provide  a  useful 
framework  for  better  understanding  the  challenges  and  opportu¬ 
nities  for  such  collaborations. 
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5.2.  Implications  for  generation  investment  and  planning  in  the 
ASEAN-5 

The  challenges  outlined  above  have  particularly  significant 
implications  for  investment  and  resource  planning  in  the  ASEAN- 
5  electricity  industries.  Significant  investment  is  required  to  just 
keep  up  with  present  electricity  demand  growth.  It  is  predicted 
that  the  total  investment  in  the  power  sector  in  the  ASEAN  region 
in  the  next  20  years  could  amount  to  $0.6  trillion  despite  the 
financial  crisis  [8].  Given  the  complex  nature  of  generation  and 
network  investment  which  are  generally  capital  intensive,  long- 
lived,  and  have  significant  lead  times,  the  industry  must  build  ahead 
of  time  to  meet  uncertain  and  potentially  highly  variable  future 
demand,  whilst  also  factoring  in  other  potential  future  drivers  such 
as  climate  change.  Investment  decision  making  in  the  electricity 
industry  is  becoming  increasingly  challenging  due  to  increased 
volatility  and  future  uncertainty  about  fuel  prices  and  availability, 
as  well  as  growing  concerns  about  climate  change  worldwide.  High 
yet  uncertain  demand  growth  as  seen  in  the  ASEAN-5  countries 
adds  to  these  challenges. 

Efforts  by  many  countries  to  address  climate  change  are  being 
based  around  establishing  mechanisms  and  policies  that  put  a  price 
on  C02  emissions.  Serious  efforts  to  address  greenhouse  emissions 
might  require  significantly  greater  investment  in  very  different 
generation  and  network  options  to  those  otherwise  likely  to  be 
deployed,  and  also  have  major  impacts  on  demand  growth  [27]. 
Furthermore,  with  growing  energy  security  concerns,  there  are 
good  reasons  to  consider  diversifying  electricity  fuel  mixes  in  order 
to  mitigate  industry,  and  society,  exposure  to  fuel  price  fluctuations 
and  availability.  Flexibility  can  strengthen  sustainability  outcomes, 
particularly  in  situations  where  future  uncertainty  has  as  great 
an  influence  as  seen  with  the  electricity  industry  [76].  Therefore, 
a  well-diversified  electricity  generation  portfolio  which  has  an 
appropriate  allowance  for  uncertainty  would  seem  to  offer  signif¬ 
icant  benefits.  Decision  making  processes  in  electricity  generation 
investment,  therefore,  need  to  consider  these  factors.  However, 
many  key  drivers  are  uncertain  and  likely  correlated  -  for  example 
plant  capital  costs,  future  fuel  price,  demand  growth  and  environ¬ 
mental  policy.  Such  challenges  have  added  a  new  dimension  to 
decision  making  processes  in  electricity  industry  investment.  In 
addition  to  attempting  to  minimise  overall  future  electricity  indus¬ 
try  costs,  investment  decision  making  needs  to  consider  growing 
risks  and  uncertainties  as  well  as  environmental  concerns. 

Many  of  the  existing  decision  support  techniques  for  genera¬ 
tion  investment  and  planning  do  not  explicitly  taken  into  account 
key  uncertainties  noted  earlier  -  future  fuel  price,  plant  capital 
costs,  demand  and  possible  environmental  costs.  Such  techniques 
often  focus  on  finding  a  least  cost  generation  mix  based  on  deter¬ 
ministic  assumptions  about  future  uncertainties.  These  techniques 
have  been  extended  to  incorporate  some  elements  of  uncertainty 
through  scenario  or  sensitivity  analysis.  However,  one  key  issue 
that  need  to  be  considered  is  that  critical  risk  factors  are  highly 
uncertain  and  almost  certainly  correlated.  Another  key  issue  is  the 
ability  of  the  tools  to  better  analyse  potential  trade-offs  between 
expected  future  industry  costs,  and  uncertainties  in  these  costs. 

Portfolio  techniques  offer  frameworks  that  account  for  energy 
diversity  and  security  which  provide  an  analytic  basis  for  policy 
makers  to  devise  efficient  generation  portfolios  that  can  enhance 
security  and  sustainability  [77,78].  Such  techniques  also  provide  a 
basis  for  analysing  cost  and  risk  tradeoffs  amongst  different  gener¬ 
ation  technology  portfolios. 

A  novel  generation  investment  decision  support  tool  that  for¬ 
mally  incorporating  incorporates  this  type  of  risk  assessment  as 
well  as  taking  into  consideration  environmental  sustainability  con¬ 
cerns  is  currently  being  developed  as  part  of  the  wider  research 
programme  to  which  this  study  has  contributed  [79]. 


6.  Conclusions 

Strong  economic  and  social  progress  in  fast  developing  countries 
such  as  those  in  ASEAN  has  driven  substantial  growth  in  electricity 
consumption.  This  increase  in  electricity  consumption  represents, 
in  large  part,  highly  desirable  improvements  in  societal  welfare. 
However,  it  is  also  leading  to  growing  investment  challenges  as  well 
as  energy  security  concerns  and  increased  C02  emissions  due  to 
the  heavy  reliance  on  fossil  fuels  for  electricity  generation  in  these 
countries.  Therefore,  it  is  essential  that  the  electricity  develop¬ 
ment  is  progressed  in  a  manner  that  can  manage  potential  conflicts 
between  ensuring  adequate  and  affordable  electricity  access  with 
environmental  concerns  whilst  taking  advantage  of  potential  syn¬ 
ergies  between  these  objectives. 

This  paper  employs  the  3A’s  energy  sustainability  objectives 
framework:  Accessibility,  Availability,  Acceptability,  together  with 
some  carefully  selected  indicators  and  criteria  in  the  context  of  the 
electricity  sector,  to  analyse  key  sustainability  challenges  for  the 
electricity  industries  in  Indonesia,  Thailand,  Malaysia,  Vietnam  and 
the  Philippines.  These  ASEAN-5  countries  possess  some  important 
similarities  in  terms  of  social  and  economic  status  as  well  as  their 
progress  towards  more  industrialised  economies. 

Although  there  are  numerous  challenges  with  data  availability 
and  consistency  available  from  different  agencies,  this  study  still 
provides  a  coherent,  largely  quantitative,  framework  for  explor¬ 
ing  and  contrasting  the  sustainability  challenges  for  electricity 
industries  within  the  ASEAN-5.  The  analysis  highlights  several  key 
sustainability  challenges  as  well  as  the  current  state  of  sustain¬ 
ability  in  electricity  industries  in  the  ASEAN-5.  Although  electricity 
access  in  these  countries  have  remarkably  improved  over  the  past 
decades,  there  are  many  challenges  that  will  need  to  be  overcome 
in  order  to  facilitate  the  growing  demand  in  a  sustainable  manner. 
Key  sustainability  challenges  in  these  countries  include  satisfying 
demand  growth;  enhancing  security  of  supply  through  fuel  diversi¬ 
fication  and  RE  resources;  and  mitigating  the  rapid  increase  in  C02 
emissions  through  effective  RE  policy.  The  analysis  also  suggests 
that  there  opportunities  for  the  ASEAN  countries  to  collaborate 
by  sharing  resources  and  experiences  as  well  as  learning  from 
one  another  to  improve  sustainability  in  the  electricity  industries 
in  these  countries.  These  challenges  are  also  considered  to  have 
important  implications  for  generation  investment  and  resource 
planning  as  these  factors  need  to  be  taken  into  consideration  dur¬ 
ing  investment  decision-making  processes.  This  highlights  a  need 
and  value  for  developing  generation  investment  decision  support 
tools  that  can  better  address  these  issues. 

Appendix  A. 

Social  and  economic  context  indicators  which  have  major  impli¬ 
cations  for  electricity  industries  in  the  ASEAN-5  countries  are 
summarised  in  this  section.  These  indicators  for  the  ASEAN-5  are 
compared  with  Organisation  for  Economic  Co-operation  Develop¬ 
ment  (OECD)  average  where  applicable  in  order  to  highlight  aspects 
of  the  stage  of  social  and  economic  progress  of  the  ASEAN-5  in 
relation  with  the  so-called  developed  countries. 

A.I.  Social  context 
AAA.  Population 

The  ASEAN-5  have  a  combined  population  of  nearly  500  mil¬ 
lion  people  with  Indonesia  being  the  world’s  fourth  most  populous 
country  [8,21].  Fig.  A.I  shows  populations  among  the  ASEAN-5 
between  1990  and  2008.  During  1990-2008,  populations  in  the 
ASEAN-5  countries  have  increased  between  20  and  40%  compared 
to  12%  in  the  OECD.  However  the  growth  rates  have  slowed  down 
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Fig.  A.l.  Population  in  the  ASEAN-5. 


Data  source:  ADB  [21  ]. 
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Fig.  A.2.  Urbanisation  in  the  ASEAN-5. 
Data  source:  ESCAP  [80]. 


in  recent  years  to  about  2-3%  per  year  compared  to  0.5%  per  year 
in  the  OECD  [21]. 

A 2.2.  Urbanisation 

As  shown  in  Fig.  A.2,  urbanisation  in  these  countries  have  also 
increased  rapidly  since  1990,  but  are  still  comparatively  lower  than 
the  OECD  where  the  urbanisation  levels  have  been  constantly  high 
at  about  70-80%  throughout  this  period  [22].  Generally  the  higher 
levels  of  urbanisation  are  among  the  more  developed  countries 
since  levels  of  urbanisation  in  closely  linked  to  economic  growth 
where  better  economic  opportunities  and  access  to  services  in  the 
cities  attract  migrants  from  rural  areas  [80]. 


-Thailand 


•Indonesia  -^-Malaysia  - Philippines  ——Vietnam  -•—OECD 


Fig.  A.4.  GDP  growth  rates  in  the  ASEAN-5. 

Data  source:  World  Bank  [26]. 

Foreign  Direct  Investment  (FDI)  in  ASEAN-5 


Fig.  A.5.  Foreign  direct  investment  (FDI)  in  the  ASEAN-5. 
Data  source:  World  Bank  [26]. 


A. 2.3.  Human  development 

The  Human  Development  Index  (HDI)  of  countries  in  the  ASEAN- 
5  is  shown  in  Table  A.l. 

HDI  in  these  countries  has  also  been  improving  over  the  past 
two  decades  as  shown  in  Fig.  A.3,  which  implies  improving  human 
well-being  and  development. 

A.2.  Economic  context 
A2A.  GDP  growth 

Countries  in  the  ASEAN-5  have  achieved  robust  economic 
growths  over  the  past  several  decades  due  largely  to  the  increase  in 


Human  Development  Index  (HDI) 


1990  2000  2007  YEAR 

Thailand  "Indonesia  "Malaysia  "Philippines  "Vietnam 

Fig.  A.3.  Human  Development  Index  (HDI)  during  1990-2007. 


Fig.  A.6.  Per  capita  income  growth  rate  in  the  ASEAN-5. 
Data  source:  World  Bank  [26]. 
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Table  A.1 

HDI  index  and  ranking  of  ASEAN-5. 


Country 

HDI  in  2007 

HDI  rank  (from  182  countries) 

Classification 

Thailand 

0.783 

87 

Medium 

Indonesia 

0.734 

111 

Medium 

Malaysia 

0.829 

66 

High 

Philippines 

0.751 

105 

Medium 

Vietnam 

0.725 

116 

Medium 

%  of  GDP 


100°/o 


Share  of  major  sectors  in  GDP 

□  Services  ■  Industry  □  Agriculture 


1990  2000  2007  1990  2000  2007  1990  2000  2007  1990  2000  2007  1990  2000  2007  1990  2000  2007 

Thailand  Indonesia  Malaysia  Philippines  Vietnam  OECD 

Fig.  A.7.  Share  of  major  sectors  in  GDP  during  1990-2007. 


Data  source:  World  Bank  [26]. 


trade  and  foreign  investment  [24].  Fig.  A.4  shows  the  GDP  growth 
rate  of  the  ASEAN-5  during  1900-2007  compared  with  that  of  the 
OECD. 

After  the  Asian  economic  crisis  in  the  late  1990s,  these  five 
countries  have  been  able  to  maintain  economic  growth  at  the  rate 
between  4  and  8%  with  Vietnam  achieving  the  highest  growth  of 
around  8%  over  the  past  20  years.  With  the  exception  of  Indonesia, 
the  global  financial  crisis  in  2008  has  restricted  economic  growth 
in  these  countries  during  the  past  years. 

A.2.2.  Foreign  Direct  Investment  (FDI) 

Fig.  A.5  shows  the  amount  of  Foreign  Direct  Investment  (FDI)  as 
a  percentage  of  GDP  in  these  five  members  of  ASEAN  since  1990. 
The  amount  of  FDI  in  Vietnam  has  significantly  increased  over  the 
past  few  years,  reaching  about  1 1  %  of  GDP  in  2008.  For  Thailand  and 
Malaysia,  the  amount  of  FDI  has  been  fairly  consistent  at  around  4% 
of  GDP  for  the  last  decade.  Indonesia  and  the  Philippines  have  the 
lowest  FDI  of  around  2%  of  GDP. 

A.2.3.  Per  capita  income  growth 

Per  capita  income  growth  rate  in  ASEAN-5  is  on  a  rising  trend, 
as  shown  in  Fig.  A.6,  reaching  the  growth  of  between  8  and  11%  in 
2007,  which  is  higher  than  the  growth  of  4  and  6%  average  attained 
in  the  OECD.  The  increase  in  per  capita  income  is  a  useful  if  incom¬ 
plete  measure  of  the  development  of  standard  of  living  of  people. 
Rising  per  capita  income  also  generally  means  a  growing  middle 
class  with  higher  spending  power  [81  ]. 

A2A.  Share  of  sectoral  value  added  to  GDP 

The  proportion  of  sectoral  valued  added  to  GDP  of  the  ASEAN-5 
and  the  OECD  during  1990-2007  are  shown  in  Fig.  A.7.  The  share  of 
GDP  in  industry  sector  is  another  factor  that  can  be  used  to  assess 
the  progress  of  industrialisation. 


Other  than  the  Philippines,  the  trend  of  industry  sector  value 
added  has  been  increasing  since  1990  at  the  expense  of  agriculture 
and  service  sectors.  This  is  in  contrast  with  OECD  countries  since 
their  share  of  industry  sector  value  added  in  GDP  has  decreased 
from  32%  in  1990  to  25%  in  2007.  The  share  of  GDP  from  the  indus¬ 
try  sector  in  2007  for  every  country,  except  the  Philippines,  is 
accounted  for  more  than  40%  of  the  total  GDP  whereas  in  the  OECD, 
industry  valued  added  is  accounted  for  only  about  25%  of  total  GDP. 
The  share  of  service  sector  value  added  in  the  OECD  predominantly 
contributes  to  the  overall  GDP,  which  is  about  70%  in  2007. 
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